Free Vibration Characteristics of Banana/Sisal Natural Fibers Reinforced Hybrid Polymer Composite Beam  by Rajesh, M. et al.
 Procedia Engineering  144 ( 2016 )  1055 – 1059 
Available online at www.sciencedirect.com
1877-7058 © 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of ICOVP 2015
doi: 10.1016/j.proeng.2016.05.056 
ScienceDirect
12th International Conference on Vibration Problems, ICOVP 2015 
Free Vibration Characteristics of Banana/Sisal Natural Fibers 
Reinforced Hybrid Polymer Composite Beam 
 M Rajesha, Jeyaraj Pitchaimania*, N Rajinib 
aNational institute of technology Karnataka, Surathkal, India, 575025 
bKalasalingam University, Krishnankoil, India, 62612 
  
Abstract 
Natural fibers having more advantage compared to man-made fiber, such as glass, carbon, Kevlar fiber. But due to the 
hydrophilic nature of natural fiber gives poor adhesion between fiber-matrix. This will decrease the properties of polymer 
composite. In this study influence of surface pre-treatment with sodium hydroxide and hybridization effect of natural fiber are 
investigated on flexural test and free vibration behavior. In this work sisal and banana natural fibers are used in short and random 
orientations to prepare the polymer composites using compression moulding method. From the experimentation, it is found that 
chemical treatment improves the mechanical and free vibration properties of polymer composites due to the enhancement of 
interfacial bond between fiber and matrix as the result of chemical treatment. 
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1. Introduction 
Natural fibers are potential replacement for synthetic fibers in automotive and aerospace engineering applications 
due to the low carbon footprint associated with them. Reducing the resonant amplitude of the vibration is an 
important issue in a machine component design process. Generally, damping associated with fiber reinforced 
composite structure is higher than conventional metal structures due to the visco-elastic behavior, fiber-matrix 
interaction and the damping due to damage. 
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     Recently, natural fibers have been used as reinforcement in composites in place of synthetic fibers because of 
their light weight, nonabrasive, combustible, nontoxic, low cost and biodegradable properties [1,2].  Natural fibers 
are introduced as a replacement to synthetic fibers in order to reduce the environmental impact of non-biodegradable 
materials. Recently, Ku et al. [3] reviewed tensile properties of natural fiber reinforced polymer composites and 
reported that the tensile properties of natural fibers are very good and can be used to replace the conventional fibers 
such as glass and carbon in reinforcing plastic materials.  
     Even though natural fiber has more advantage it gives poor adhesion between fiber and matrix due to the 
hydrophilic nature [4].  Because natural fiber form of cellulose, hemi cellulose and lignin. This cellulose covers by 
hemicellulose and lignin. This is called as amorphous structure. Due to this cellulose could not make direct links 
with matrix material. Because cellulose is a major element in natural fiber. It forms of strong links with glucose. But 
in the amorphous region hemicellulose and lignin are forms of loose hydroxyl group. It will react with an 
atmospheric molecule then allow to cellulose. This nature is called hydrophilic nature [5,6].  This will create week 
interface between fiber and matrix. In order to improve this problem many researchers suggest chemical pre-
treatment. This chemical treatment reduces the hemicellulose and lignin content in amorphous region. So it will 
allow for direct contact between cellulose and matrix.  
     Rong et al. [7] investigated the effect of various chemical treatments (alkalization, acetylation, silane coupling 
agent, and heating) on the sisal fiber epoxy composites and found that chemical treatment increases the adhesion 
between fiber and matrix. Rout et al. [8] investigated the tensile property of alkali treated coir-polyester composite. 
From their results it conformed alkali treatment gives better property and also many researchers reported that alkali 
treatment remove hemicellulose and lignin effectively from the cell wall. Venkateshwaran et al. [9] studied the 
effect of sodium hydroxide treatment on banana/epoxy composites and found that 1% sodium hydroxide treatment 
has high mechanical property compared to other case. Khalili et al. [10] carried out the free vibration analysis of tri-
layer sandwich beam using dynamic stiffness and finite element methods and they considered various parameters of 
core material such as density, thickness   for boundary condition on the first natural frequency. Jeyaraj et al. [11] 
investigated the effect of thermal load on vibration response and damping behavior of laminated composite plate 
numerically. They found that modal damping increases with temperature, which in turn reduces the resonant 
amplitude of vibration. Kumar et al. [12] carry out free vibration on short and random oriented sisal and banana 
polyester composites. They found that fiber length and varying weight percentage of fiber in composite influences 
the mechanical and damping properties of composites. 
     From this above literature study, it is found that chemical treatment with sodium hydroxide is very effective 
and cheaper one compared to other surface treatment. The natural fiber reinforced polymer composite structures can 
be used as a replacement of conventional metals and laminated composites in some low and medium load 
applications. It is important to analyze the free vibration behaviour of natural fiber reinforced composites. In this 
work three  point bending test was carried out for finding the flexural strength of Banana, Sisal, Banana/Sisal 
(hybrid) reinforced polymer composite beams with different weight percentage natural frequency associated with 
first three bending modes  are  studied using  impulse hammer method. 
2. Experimental detail 
2.1. Material used 
     In this study banana and sisal fibers are used as reinforce material in short and random form. Fibers which are 
used in the present work are purchased from local dealers and unsaturated isophthalic polyester resin and Methyl 
Ethyl Ketone Peroxide (MEKP)   hardener with weight ratio of 10:1 used as matrix material. The resin and hardener 
are purchased from Vasavibala resins Ltd., Chennai, India. 
2.2. Preparation of Composites 
In this study composite laminates are prepared with dimensions of 270mm x 250mm x 3 mm using compression 
moulding method. Initially the known weight ratio of resin, hardener mixer was stirred with different weight 
percentage of banana and sisal fiber. Then pour this known amount of mixed fiber resin mixer into inside the mould 
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and closed it.  Then 17MPa pressure was applied over the mould to compress the laminates uniformly. After 5 
hours, allowing curing the composite was removed from the mould, then these laminates were cut in the size of 127 
x 13 x 3 mm3 for flexural test and 200 x 35 x 3 mm3 for free vibration test. 
3. Results and discussion 
   From Table 1, it shows increasing fiber weight percentage in polymer composite increases mechanical property 
of the composite significantly till 50 wt % (Weight percentage) of the fiber. Further adding fiber in composites 
causes decreased the mechanical property of composites. This is due to poor interfacial bonding between fiber and 
matrix, non-uniform distribution which results in a poor low load transfer between the fiber and matrix.  From the 
results it concluded that 50 wt%  of the sisal fiber composite has high flexural property compared to other type of 
composites and also out of banana, sisal and hybrid composite, hybrid composite give poor results. Because in 
hybrid composite banana and sisal fiber are added equally and also banana fiber has less cellulose content compared 
to sisal fiber. So weak fiber reduces the stiffness of composite material due to this, it is not improving the 
mechanical property   significant.  
 
                                    Table 1. Effects of fiber weight percentage of flexural properties. 
 
Composites Weight Percentage (%) Flexural Modulus (N/mm2) 
 
Banana Fiber 
20 821.94 
35 1438.27 
50 2445.34 
60 2219.64 
Sisal Fiber 
 
20 989.252 
35 2026.97 
50 2609.97 
60 1105.95 
 
Hybrid Fiber 
20 788.88 
35 1339.22 
50 2243.49 
60 1733.79 
 
 
    In order to improve the mechanical property of natural fiber composite fiber surface are treated with 1% of 
sodium hydroxide solution. Influence of surface treatment is shown in Table 2 for 50 wt% composites. Because 
from Table 1 it concludes beyond 50 weight percentage it gives less property. So in the case 50 wt% composites are 
treated with 1% sodium hydroxide solution and results are compared with untreated one. From the results found that 
surface treatment is improved mechanical property effectively. Because surface treatment is removed impurities and 
hemi cellulose, lignin from the amorphous structure of the fiber cell wall effectively. So it will allow contact 
between cellulose and matrix material effectively.  From the results, sisal fiber surface treated composite improve 
the mechanical property effectively. 
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               Table 2. Effects of fiber surface treatment on flexural properties for 50 wt% of the fiber. 
 
Composites Weight Percentage (%) 
Flexural Modulus  
(N/mm2) 
Banana Fiber 50 3071 
Sisal Fiber 50 4111 
Hybrid Fiber 50 2560 
 
 
 
 
Table 3. Effects of fiber weight percentage of natural frequency and damping factor. 
 
  Mode 1 Mode 2 Mode 3 
Composites Weight 
percentage   
(%) 
Natural 
Frequency 
(Hz) 
Damping 
Factor 
Natural 
Frequency 
(Hz) 
Damping 
Factor 
Natural 
Frequency 
(Hz) 
Damping 
Factor 
 
Banana 
Fiber 
20 17 0.409551 154 0.091023 472 0.152554 
35 20 0.482738 190 0.119071 517 0.160778 
50 28 0.279058 265 0.028672 550 0.140208 
60 26 0.266212 256 0.078198 472 0.110168 
 
Sisal 
Fiber 
20 20 0.297896 185 0.076801 643 0.028941 
35 24 0.482738 233 0.114885 633 0.122121 
50 33 0.235401 287 0.090456 664 0.101253 
60 22 0.247780 198 0.045940 565 0.051201 
 
Hybrid 
20 20 0.631399 140 0.130845 593 0.095418 
35 25 0.394968 240 0.094930 739 0.093622 
50 30 0.279863 310 0.060613 800 0.072113 
60 26 0.307220 248 0.102398 757 0.146523 
 
Table 4. Effects of fiber surface treatment of natural frequency and damping factor. 
 
  Mode 1 Mode 2 Mode 3 
Composites 
Weight 
percentage 
Natural 
Frequency  
Damping 
Factor 
Natural 
Frequency  
Damping 
Factor 
Natural 
Frequency  
Damping 
Factor 
 (%) (Hz)  (Hz)  (Hz)  
Banana 50 31 0.27303 302 0.08836 555 0.089106 
Sisal 50 36 0.24321 345 0.09954 700 0.090125 
Hybrid 50 28 0.30722 275 0.09557 507 0.078769 
  
   Table 3 shows the natural frequency and damping factor of banana, sisal, banana/sisal hybrid and chemical 
treated composites. From the results it concluded that increasing the fiber content up to 50% in composite, 
increasing the frequency of composite in all types of composite. Further adding fiber in composite decreasing the 
natural frequency of composite specimen. It indicates higher the fiber content in composite reduce the stiffness of 
the material. Because higher fiber content creates poor adhesion between fiber and matrix and more agglomeration 
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in the matrix which decreases the strength of composite. But 35 weight percentage composite shows higher damping 
value. This is because fiber-matrix interaction is more in the type composite and also it has more surface contact to 
make a bond between matrix material. Furthermore, to improve natural frequency and damping value of composite, 
fibers treated with Sodium hydroxide solution. Table 4 shows the natural frequency and damping factor of sodium 
hydroxide treated natural fiber composite. It revealed that chemical treatment increases the adhesion between fiber-
matrix.  So it increases the stiffness of composite material compared to untreated natural fiber composites. It is 
evident from Table 4. Because fiber surface treatment increased the rigid adhesion between fiber and matrix and 
also it increases the modulus of composite material as shown in Table 2. 
Conclusion 
     Banana and sisal fiber randomly oriented reinforced polymer composite has been investigated for natural 
frequency and damping factor. Influence of different weight percentage on banana, sisal and hybrid composite are 
studied.  It is found 50%   composite has maximum natural frequency compared to other type composites. Because it 
increases the stiffness of the material.  Furthermore, 50 wt% composite was treated with sodium hydroxide. The 
result shows that chemical treatment increases the modulus of the material and increases the stiffness of the 
composite. 
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